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1. Introduction

Brane tiling (Hanany et al. ,2005)

*N=1 quiver gauge theories
*D5-NS5

storic Calabi-Yau

Brane tilings

A

N=1 SYM > Toric Calabi-Yau
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2. Brane tilings



N=1 quiver gauge theories

Quiver diagram

JSUM)

//" \ vertices = SU(N) chiral multiplets
/ arrows = bi-fundamental chiral multiplets

SUN) 0 a—— SUM)

Quiver:
*arrow case: a long narrow case for holding arrows
*arrows: the arrows contained in a quiver

S=g—




Compact (T?)
Brane configuration / \
4 5 6 7

0 1 2 3 8 9
D5-branes o) o) 0 o) o) 0
89-rotation
c o6 o o010 O = R-symmetr
NS5-branes y y
o) 0 o) 0 0 0
This configuration preserves N=1 SUSY

57 - brane tiling
(Feng et al. hep-th/0511287) D5



Simplest example

Brane tiling

//7 SU(N) can live only on (N,0)

(N ,O) ; — |

\
bi-fundamental chiral multiplets
D5 “‘,\" /
/
/ (N,-1) This is the simplest (nontrivial) example
/ One SU(N) + three bi-funds. = N=4 SYM

(p,q) brane = bound state of p D5
and q NS5



Numbers of vector and chiral multiplets

# of gauge groups = # of (N, 0) faces

# of chiral multiplet = # of intersections

= 2w

1 :
— 52318311(#:”)(%”)
il

i, v: cycles

(i, v): intersection number

/ sign(j1, v) = sign({z, v, ))

In this case, there are 3 cycles



3. Global symmetries



Global symmetries of N=1 quiver SQCD

Gauge inv. operators symmetries
supercharges < R-symmetry
Q 89-rotation
Mesonic operators « Mesonic symmetries
Tr(XYZ) etc. // B-field B, 5, B, 5
, : _ Mixing ambiguity
Baryonic operators “ Baryonic symmetries
det(X) etc. Gauge fields on branes

Many faces, many U(1)s
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Charge Assighments

Anomaly-free  flavor

( Butti & Zaffaroni )

4 | \ Qr = sign(p, v)(fu — fu) = /I Q

Mesonic sym  baryonic sym — Mmesonic op
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Mesonic operators

Mesonic op. < closed path closed string

P=tr(XYZ) =
Mesonic operator  charge

Qu(xYZ) = § ©

Baryonic charge 0

» |Q exact
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Mesonic charges

M = sign(u, v)(m, — m,)

Baryonic charges b

BI = Sign(,u, V)(b,u — b,/) Z blu,u —

Q= Z bud(i)  exact
Q=dS
S
S=) S.0(a)  S(a) -

S b U(1)

a v
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U(1)g gauge fields

U(1); gauge fields in 4-dim

VB

{

Gauge field on D5-brane a

the open string for X couples to
Va Vb = (Sa Sb)VB

VPY) =5, Vp

a

Gauge fields on NS5-brane p _
Charges are given by

1/ (NS5) _ Nb, V3 Q.= S

H a Sb

< Q=dS 1



Baryonic charge
Q=dS
Charge

Br = sign(a,b)(S, — Sp) = sign(u,v)(b, — b,)

N fund. strings a 7
\V

Continuous deformation

(Hanany-Witten effect)

v

one D-string

Baryonic operators = D-strings
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U(1),, gauge fields

Mesonic charges = winding charges of closed strings

Gauge fields = B-field

By =Vy A Zmué(,u)
7

V,,: U(1),, gauge field
m, : numbers assigned to NS5-branes

M . index for NS5-branes or cycles on T?2
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R charges

R-symmetry is 89 rotation

Turning on the gauge field Vy

|

The metric is deformed

ds? = dr? + (df + 2Vg)?

How the coupling of V to matters arise?

Let us consider coupling to baryonic operators.
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R charges of Baryonic operators

= Vx—D1 couplin NS5
(= Vg pling) NSE
RR 3-form flux
N .
Gs = —sinfcosfdd ANdp Ady. NSO
T
2t +ix® = re'®cosl, 2%+ iz = re'¥sind
Tuening on Vy dvy — dip + 2Vg
2N
0G3 = —sinfcos@dd ANdop A Vg
0
potential
N
Cy = — cos? dé A Vg
T
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Coupling with baryonic operators N
= coupling with D-strings

_ N Pu
R = i?(% o) / -string

NS5

R-charges angles made by NS5-branes

Ry = %Sigﬂ(/«l; v)[[éy — o]

[[z]] = « mod 27, —w <|[[z]]< 7w

Note: These are not R-charges in the superconformal algebra

These are R-charges of the scalar components
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4. 't Hooft anomalies

U(1)
N

U(1)

% U(1)

+
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Anomalies in string theory

Gauge theory Gauge symmetries Global symmetries
String theory Gauge symmetries Gauge symmetries
in compact spaces In non-compact spaces
V = o0
V 2 Gstr
L= F, F* > Jog = v — 0
Jstr

Cut-off

= anomaly infl6w



Ambiguity

1 1
Snss = g | Ba A Fa A Fs SNS5:—2/H3/\A1/\F2
82 8

( Butti & Zaffaroni)
U(1) g
U(1)g
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Global symmetries and Gauge fields

U(1)g gauge fields
vy

Gauge field on D5-brane a
Va(D5) — Z S(gi)Vg)

Gauge fields on NS5-brane mu
NS5) _ i)y, (%)
VNS = N Z bV

U(1),, gauge fields
Vi

NS-NS field
By =V A Zmué(,u)
7

U(1); gauge field
Vr

metric deformation
ds§9 = dr? + T2(d9 + ZVR)2

N
w




U(1),U(1)sU(1)s anomaly

U1y

tr(MB'B/) = Y MB;Bj

used >, p=)  bpu=0
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NS5-brane
1 Z (1)~ ()

pt: index of NSH-branes

VNS =N"00VY Ba=Var A mud(v)

1 3o (i ;
S = WZZbybg)/ VMAZm,, A FyY

I,J L ,LLX’I"XR4

1 N ) .
= —QZZbiﬁbm,m/ Vi A F3 A FyD
8 rxR4

- ( § 50 = o))

A FY



_ (D)} (i) p i)
— WZZb /TXR4VMAF2 A F,

] Y
U(1)y

5VM = dOfM

7r2 S8 v / o B A B

1,J MV

't Hooft
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U(1)gU(1)gU(1)g anomaly

ARij

oI

Z((RI —1)BiBY))

1
D —sign(u, v)[[6, — éy — 7)(b, = b,) (b, — b))
1
I (p,v)[bp — & — w]] (), — b;,) (b, — b))
1%
vNSs =y bfp‘/(z))
8%2— ZARij /)\RFé A FY, ( -




Propagator

Self interaction

T

dy — d + 2Vg

5Sbrane = ol
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4. Conclusions and Discussions

Ul)g - »  Gauge symmetries on branes
u(),, - > B-field gauge tr.
Ud), - > 89-rotations

Brane U(1),U(1)g2  U1)gU(1)g2
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superconformal U(1)g

a-maximization  brane tiling

‘t Hooft

U(1)s® a-maximization

Moduli parameters

Solitons and BPS operators

Breaking conformal sym. and cascading
SUSY breaking

Relation to Calabi-Yaus
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